We investigate the dynamical evolution of 40 open clusters (OCs) by means of their astrophysical parameters derived from field-decontaminated 2MASS photometry. We find a bifurcation in the planes core radius vs. age and cluster radius vs. age, in which part of the clusters appear to expand with time probably due to the presence of stellar black holes while others seem to shrink due to dynamical relaxation. Mass functions (MFs) are built for 3/4 of the sample (31 OCs), which are used to search for indications of mass segregation and external dynamical processes by means of relations among astrophysical, structural and evolutionary parameters. We detect a flattening of MF slopes ocurring at the evolutionary parameters τcore ≤ 32 and τ overall ≤ 30, respectively. Within the uncertainties involved, the overall MF slopes of 14 out of 31 OCs with m overall > 500 M are consistent with Kroupa's initial mass function, implying little or no dynamical evolution for these clusters. The remaining 17 OCs with MF slopes departing from that of Kroupa show mild/large scale mass segregation due to dynamical evolution.
Introduction
The internal dynamical processes of open clusters (OCs) are mass loss during stellar evolution, mass segregation and evaporation of its stellar content with time. Tidal interactions with the Galaxy's disc and bulge, as well as collisions with Giant Molecular clouds (hereafter GMCs) are the main external dynamical effects upon OCs. Because of these dynamical interactions, as clusters age, their structures are subject to considerable changes, and may even be dissolved in the Galactic field. A massive cluster can be dissolved by central tidal effects in ≈ 50 Myr Bergond et al. (2001) ; Portegies Zwart et al. (2002) . Corresponding author: e-mail: or.gunes@gmail.com This time is much shorter than ∼ 1 Gyr found for most OCs within the Solar circle . Interactions with the galactic disc, the tidal pull of the Galactic bulge and collisions with GMCs destroy more easily the poorly-populated OCs, on a time-scale of 10 8 yr , particularly inside the Solar circle Bergond et al. (2001) .
A cluster loses low-mass stars from its outer regions into the field by stellar evaporation. As a result of this mass segregation, low-mass stars are transferred from its core to the cluster's outskirts while massive stars accumulate in the core ; Schilbach et al. (2006) . This results in a flat mass function (MF hereafter) in the core and steep one in the halo. These external and internal dynamical processes play different roles, depending on the location of an OC with respect to the Solar circle: old OCs with Age > 1 Gyr tend to be concentrated in the anti-centre, a region with a low density of GMCs Camargo et al. (2009); van den Bergh & McClure (1980) . Tidal shocks from the Galaxy and from GMCs and observational incompleteness or biases are responsible for the scarcity of OCs in direction to the Galactic center Bonatto & Bica (2007a) . Due to absorption and crowding in regions dominated by disc and bulge stars, the OCs' observational completeness is decreased. With the effect of tidal interaction, an OC heats and its stars gain kinetic energy, which leads to an increase in the evaporation rate.
In this paper we have considered 40 OCs with 2MASS JHK s photometric data, which are selected in respective to the cluster location and the age (Age≥ 100 Myr) from WEBDA OC and Dias et al. catalogues Dias et al. (2012) ; Mermilliod (1992) . These OCs have been considered to study their dynamical evolution, particularly in dependence of their location in the Galaxy. We state that our sample is relatively small but our work have the advantage of being based on a uniform database, in the sense that we determine the parameters following the same methods, based on the same kind of photometry. The robust structural parameters have been derived from high-contrast stellar radial density profiles following the method of Bonatto & Bica (2007a) , and the ages were derived from a fit of isochrones to decontaminated colour-magnitude diagrams of the 2MASS JHK s photometric data. As can be seen from the WEBDA database, CCD-based CMDs of these 40 OCs are also available. We stress that the CMDs presented here go fainter than is available there.
From our sample of young, intermediate and old OCs (100 M yr ≤ Age ≤ 5 Gyr), the relations between the dynamical evolution indicators and cluster radius (R RDP , hereafter), core radius (R core , hereafter), mass, mass function slope χ, mass density ρ, evolutionary parameter τ -, and the parameters (Age, d, R GC , z) have been derived and compared with the values given in the literature. Here, d, R GC , and z denote heliocentric, galactocentric (hereafter R GC ), and Galactic plane distances, respectively. Such relations have been studied by Lynga (1982) , Janes & Phelps (1994) , Nilakshi et al. (2002) , Tadross et al. (2002) , , Schilbach et al. (2006) , Sharma et al. (2006) , Bonatto & Bica (2007a) , Maciejewski & Niedzielski (2007) , Bukowiecki et al. (2011), and Camargo et al. (2009) . In this paper, R = 7.2±0.3 kpc which is based on the updated distances of Galactic globular clusters Bica et al. (2006b) , is taken through this paper.
This paper is organised as follows: the selection of the OCs is presented in Section 2. In Section 3 the 2MASS JHK s photometry and the field star decontamination algorithm (employed in the CMD analyses) are given. The derivations of astrophysical and structural parameters, mass and mass functions, relaxation time and evolutionary parameter are presented in Sections 4 to 6. Section 7 is devoted to Results, which contain the following subsections: 7.1 the relation between R RDP and R core , 7.2 relations of cluster dimensions with distance and age, 7.3 the relations between R RDP and Age and R core with Age, 7.4 the relations R RDP with R GC and R core with R GC , 7.5 the spatial distribution of the 40 OCs in the Galaxy, 7.6 relations between the overall mass with (R RDP , R core ) and with (Age, R GC ), 7.7 the relations between the mass density with M F slopes, Age, R RDP and with R GC , 7.8 the relation between the M F slopes and the evolutionary parameter, and a comparison with Kroupa's IMF. Conclusions are presented in Section 8.
Open cluster sample and Spatial distribution
We applied two criteria to select the OCs for our work from WEBDA OC and Dias et al. catalogues Dias et al. (2012) ; Mermilliod (1992) . Namely, the cluster location in the Galaxy and their ages, see Fig. 1 . In order to study dynamical evolution of middle-and older-age OCs, 40 OCs with 100 M yr ≤ Age ≤ 5 Gyr as a function of the Galactic location (see Fig. 1 , slices I-IV) from the 2MASS data base are considered. The location criteria is important because the longevity/survival rate of the OCs are related to the Galactic slices inside/outside the Solar circle. Over 40 OCs in WEBDA OC Mermilliod (1992) and Dias et al. (2012) catalogue have been considered. The OCs Fig. 1 Spatial distribution (X,Y) of 40 OCs. Open triangles and filled circles represent OCs with ages younger than 1 Gyr and older than 1 Gyr, respectively. The schematic projection of the Galaxy is seen from the North pole. The Sun's distance to the Galactic center is taken to be 7.2 kpc of Bica et al. (2006b) . which were not appropriate to the decontamination technique of field stars were eliminated by examining their decontamination surface density distributions (see sect. 3). Thus the sample size resulted to be 40 OCs. We are aware that the sample is not large but we intended that the sample with robust parameters would be significant to address the dynamical problems mentioned earlier. From the 40 OCs, we have also studied the relations between the parameters (Age, d, R GC , z) and dynamical indicators (R core , R RDP , m, χ, τ ).
1148 OCs out of 2000 OCs in Dias et al. (2012) catalogue, which can be considered the most representative for our purpose have age determinations. As can be seen from Table 1 , there are 13 OCs with 200 M yr ≤ Age < 1 Gyr (3.5 %), 26 OCs with 1 Gyr ≤ Age < 5Gyr (14.5 %) and one with Age ≤ 200 M yr in our sample. The spatial distribution in (X, Y) plane together spiral arms 1 of the 40 OCs is displayed in Fig. 1 . As seen from the Fig. 1 , our sample comprises the OCs of four Galactic slices (I-IV). Note that the number of OCs towards the anti-center in Fig. 1 is larger than the ones toward the Galactic center directions. Six out of eight OCs with Age < 1 Gyr fall in the Galactic anticenter directions, whereas the remaining two occupy the Galactic center direction. This is because the OCs in Galactic center directions cannot be observed due to strong absorption, crowding or were systematically dissolved by different tidal effects such as high frequency of collisions with GMCs .
The majority of OCs with Age ≥ 1 Gyr lies outside the Solar circle. From Fig. 1 , one readily sees that the number of OCs inside the Solar radius is biased in direction of the Galactic center. The reason is that the inner Galaxy clusters cannot be observed because of strong absorption and crowding, or because they have been dissolved by a combination of tidal effects. In a good measure the latter is caused by the expected higher frequency of collisions with GMCs in that direction Camargo et al. (2009); Gieles et al. (2006) . From an inspection of Fig. 1 , there are more OCs in the anticentre direction than in the opposite direction, in agreement with van den Bergh & McClure (1980) , who find that the OCs with Age ≥ 1.0 Gyr tend to be concentrated in the anticentre, which is a region with lower density of GMCs. Our sample has small statistics to draw significant conclusions in that respect. However, statistically, working with a representative sub-population of the Galactic OCs minimizes the occurrence of biases in the analyses. 
Fig. 2
Normalized distribution functions of our OC sample (circles) compared to those of Kharchenko et al. (2013) and Piskunov et al. (2008) (solid line).
Finally, to put the present OC sample in context, in Fig. 2 we compare some observational data together with fundamental parameters (derived in subsequent sections) with the corresponding ones found in OC databases. This analysis is also important for checking for the presence of systematic biases in our sample. For this analysis we use the parameters derived by Kharchenko et al. (2013) for 3006 OCs. The advantage of their work is that the parameters follow from a systematic and uniform analysis. Since Kharchenko et al. (2013) do not provide cluster mass, we take such values from Piskunov et al. (2008) , although for a smaller number of OCs, 236.
Our analysis compares distribution functions of the several parameters between both sets, as is seen from Fig. 2 . Uncertainties in the parameters have been incorporated into the respective distribution function. And, since the samples differ significantly in the number of OCs, the distribution functions have been scaled to provide the best visual comparison between both. The top panels of Fig. 2 show how the OCs distribute with respect to the Galactic longitude (left) and latitude (right). Clearly, most of our sample corresponds to clusters directed towards the 2nd and 3rd Galactic quadrants. Regarding Galactic latitude, our sample tend to avoid the plane. In terms of distance from the Sun (middle-left), our sample is somewhat consistent with that of Kharchenko et al. (2013) , particularly for distances in excess of 2 kpc. The same applies to the core radius (middle-right) for R core > 1pc; below this threshold, our sample appears to contain a lower fraction of OCs than that in Kharchenko et al. (2013) . Regarding mass, both distributions have a similar shape, but with a shift of ≈ 0.7 dex between the peaks, which suggests that our sample occupies the high-mass wing observed in Piskunov et al. (2008) distribution. The age distributions also have similar shapes, with our sample consisting essentially of clusters older than 100 Myrs. Thus, we can conclude that the 40 OCs dealt with here are a representative sub-sample of the Galactic OC population, with no systematic biases.
The 2MASS photometry and the field-star decontamination
We have used JHK s photometry of 2MASS 2 to find the apparently cluster members of 40 OCs (Skrutskie et al., 2006) . We used VizieR 3 to extract the near infrared (NIR) (J, H, and K s 2MASS) photometry for a large-area centered on each cluster, which is essential to build the RDPs with a high contrast relative to the background, and for a better field star decontamination. 2MASS provides an all-sky coverage with the spatial and photometric uniformity required for high star count statistics. For the photometric constraint, the 2MASS magnitude extractions have been restricted to stars with errors smaller than 0.2 mag in JHK s magnitudes. The extraction radii of 40 OCs have been chosen by visual inspection on the DSS-I image 4 , and taking into account the RDP, in the sense that the profile must become relatively stable in the outer region. As an example we show only the DSS-I image of Pismis 19 in Fig. 3 .
The technique used here for determining the cluster members of the 40 OCs is known as the field star decontamination procedure coupled to the 2MASS JHK s photometry, and it was succesfully used by Bonatto & Bica (2007a and more recently by Güneş et al. (2012) , This decontamination procedure was applied to the 40 OCs discussed here. This technique samples photometric properties of the stars in a neighbour comparison field considered free of cluster stars to (statistically) remove the contamining field stars from the cluster stars with help of the colour magnitude diagrams (CMD).
Firstly, the stellar surface densities σ(stars arcmin −2 ) and the surface isopleths of both the raw and decontamination data of 40 4 Extracted from the Canadian Astronomy Data Centre (CADC), at http://ledas-www.star.le.ac.uk/DSSimage/ OCs, computed for a mesh size of 3 × 3 and centred on the galactic coordinates of Table 2 (see  Supplementary material section) If necessary, we have re-determined them in this work (see below). Here, isopleth is star density map. These maps have been used to maximise the contrast of the cluster against the background. In Figs. 4 and 5 we show the result for Pismis 19 as an example. The central stellar density excesses are significant in the decontamination surface-density distributions, as is seen in Fig. 5 for Pismis 19.
The stellar radial density profiles (RDP) were derived from the isopleth surfaces of each cluster, the coordinates were checked and the cluster radii were determined (e.g. Table 4 ). The residual background level of each RDP corresponds to the average number of CM-filtered stars measured in the comparison field. A wide external ring (∆R = 13 − 70 ) centered in the cluster (Col. 11 of Tables 4 and S4) has been considered to eliminate field stars of the 40 OCs. Stars within the cluster radii have been considered to be probable members.
The stellar radial density profile (RDP) of each cluster, built based on the JHK s photometry extracted with the WEBDA 5 coordinates are displayed in Table 2 and have been computed to check cluster centering. In some cases the RDP built with the original cluster coordinates presented a dip at the center. Then, new central coordinates are searched after field star decontamination to maximise the star counts in the innermost RDP bin. From these RDPs, the cluster radii of 40 OCs are determined (Table 4) . The stellar RDP is the projected number of stars per area around the cluster centre. To avoid oversampling near the centre and undersampling for large radii, the RDPs are built by counting stars in concentric rings of increasing width with distance to the centre. The number and width of rings are optimised so that the resulting RDPs have adequate spatial resolution with moderate 1σ Poission errors. The residual background level of each RDP corresponds to the average number of CM-filtered stars measured in the comparison field.
As Camargo et al. (2010) noted, RDPs of OCs built based on the WEBDA coordinates usually show a dip in the inner RDP region when a mismatch between the "true" and catalogue coordinates exists. For this reason, new central coordinates of these clusters have been searched to maximise the star counts at the innermost RDP bin. Then, the 2MASS photometry was extracted again, but now centered on the optimized cluster coordinates. As a representative, the optimised central coordinate of Pismis 19 is displayed in Fig. 3 as small circle, and given in the right section of Table 2. 5 www.univie.ac.at/WEBDA- Mermilliod & Paunzen (2003) To have the intrinsic morphology of the clusters in the CMD, as explained above, the statistical field star decontamination procedure of Bonatto & Bica (2007a) is used. This procedure is based on the relative stars densities per sky area in a cluster region and on a neighboring offset field. It divides the full range of magnitudes and colours of a CMD into the cell dimensions of ∆J = 1.0, and ∆(J − H) = ∆(J − K s ) = 0.15. These dimensions are adequate to allow for sufficient star counts in individual cells and preserve the intrinsic morphology of the evolutionary sequences. Bonatto & Bica (2007a) showed that the field star decontamination procedure with 2MASS JHK s photometry is efficient isolating those stars with a high probability of being cluster members. More details on the algorithm can be found in Bonatto & Bica (2007a,b) , Bonatto & Bica (2009a,b,c) , and Camargo et al. (2010) .
By following the field decontamination technique which is briefly explained above,the probable cluster members of the 40 OCs have been identified for further analysis. The reddening, distance modulus (i.e. distance), age and the appropriate Z abundances were derived this way for all 40 OCs of our sample. These astrophysical parameters together with their uncertainties are presented in Table 3 .
However, the reddening is degenerate with the metallicity. For this, we have determined E(B-V), d (pc), Age (Gyr) of 21 OCs (Table 4) for three Z abundances. The E(B-V) and d (pc) values (Table 4) of three Z abundances are reasonably close to our original ones (Table 3) within the uncertainties. The age values (Col. 6, Table 4) derived from three Z values are the same. As stated by Bonatto & Bica (2009a) , any metallicity for the range of +0.006 ≤ Z ≤ +0.019 would produce acceptable solutions for the astrophysical parameters, due to the filters of 2MASS.
Our derived ages here are almost robust enough to allow inferences about cluster evolution. For this, NGC 2286 ( (Table 3) , except for Be 36 (±1 Gyr).
JHK photometry is unsensitive to metallicity, in opposition to optical photometry, where the blue (B) and principally the ultraviolet (U) are sensitive to the photospheric metal lines, reaching its maximum blanketing effect by SpT F5. For later than SpT = G2 it becomes too fuzzy to disentagle it from the molecular lines. On the other hand, metallicity affects significantly the distance and the age of a cluster, i.e. the less Z is, the shorter the distance and larger the age.
The reddenings E(J − H) (Col. 3 in Table 3 ) of the 40 OCs were derived from the CMD diagrams. These are converted to E(B − V ) (Col. 4 in Table 3 ) with the extinction law , assuming a constant total-to-selective absorption ratio R V = 3.1. The distance moduli of the clusters have been derived and listed in Col. 6 of Table 3 . The estimated heliocentric d (kpc) and its corresponding galactocentric R GC (kpc) distances are given in Cols. 7−8, www.an-journal.org respectively. When estimating the R GC distances, we adopted the galactocentric distance of the Sun as R = 7.2 ± 0.3 kpc of Bica et al. (2006b) .
The errors in E(J-H), hence in colour excess E(B-V), distance moduli and ages, given in Table 3 have been estimated as follows:
1. The uncertainties of E(J-H) were estimated moving the M08 isochrones up and down, back and forward and in direction of the reddening vector in the colour-magnitude diagram (J, J − H) until a good fit with the observed MS, TO, the subgiant branch (SG), RG/RC sequences were achieved. 2. The uncertainties of distance moduli in Table 3 stem to a lesser degree from the photometric errors and fitting the appropriate isochrone to the observational data points in the CMDs. A larger uncertainty, up to 2 mag in the distance moduli, originates by the assumption of the metallicity: for a larger Z the OCs are more distant and metal poor stars are nearer. 3. For the uncertainties in the age estimates, see those of the distance moduli. Again, metal-rich stars are younger than the metal-poor ones.
The precision of the parameters depends on the scatter of the data points in the CMDs. The uncertainties of distance moduli in Table 3 stem from fitting the appropriate isochrone to the observation in the CMDs, by taking into the uncertainties of the photometric data. The uncertainties of distance moduli of 40 OCs are at the level of 0.10−0.31. The uncertainty of age is obtained from fitting the M08 isochrone with appropriate heavy element to the CMDs. In this regard, the uncertainty of the age depends on the uncertainties of E(J-H) and distance moduli of 40 OCs. The uncertainties of the ages of 40 OCs in Table 3 fall in the range of 0.02−1.0 Gyr.
The relations of E(B-V ) versus Galactic longitude l
• and E(B-V ) versus Galactic latitude b The reddenings of 40 OCs have been compared to those of the dust maps of (Schlegel et al., 1998, hereafter SFD) , which are based on the COBE/DIRBE and IRAS/ISSA maps. These maps take into account the dust absorption E(B − V ) ∞ all the way to infinity.
The relations of E(B-V ) SFD,∞ versus E(B-V ), and E(B-V ) SFD versus E(B-V ) of the 40 OCs are displayed in Figs. 9(a) and (b), respectively. As is seen from Fig. 9(a) , the values of E(B-V ) SFD,∞ are at the level of 0.07 ≤ E(B-V ) SFD,∞ ≤ 25.81. For seven clusters, differences in between both reddenings are ∆E(B − V ) ≤ 0.10, while the differences of 33 OCs are larger than 0.10 mag. The equation given by Bonifacio et al. (2000) has been adopted to correct the SFD reddening estimates. Then the final reddening, E(B-V ) SFD , for a given star is reduced compared to the total reddening E(B-V )( , b) ∞ by a factor {1 − exp[−d sin |b|/H]}, given by Bahcall & Soneira (1980) , where b, d, and H are the Galactic latitude (Col. 9 of Table 2), the distance from the observer to the object (Col. 7 of Table 3), and the scale height of the dust layer in the Galaxy, respectively. The value of H = 125 pc is adopted (Bonifacio et al., 2000) . The reduced final reddenings have been compared with the ones of 40 OCs in Fig. 9(b) . The reduced E(B-V ) values fall in the range of 0.07 ≤ E(B − V ) ≤ 1.261.
There are significant differences for 27 OCs between both E(B-V ) color excess values. For the rest, the E(B-V ) values of 13 OCs are quite close to the ones of SFD. Note that SFD maps are not reliable at regions |b| < 5
• due to contaminating sources and uncertainties in the dust temperatures (Gonzalez et al., 2012) . Therefore, the SFD values resulted from line-of-sight integral through the Milky Way and with low spatial resolution, it is quite a normal to www.an-journal.org Table 5 Structural parameters of 40 OCs. Col. 2 represents arcmin to parsec scale. σ 0 K in Col. 3 and 7 is the central density of stars. σ bg in Col. 4 and 8 is the residual background density. R core in Col. 5 and 8 and R RDP in Col. 6 and 10 are the core and cluster radii, respectively. The symbols * pc −2 and * −2 in cols. 3, 4, 7 and 8 mean stars pc −2 and stars arcmin −2 , respectively. ∆ R( ) in Col. 11 denotes comparison field ring. Col. 12 represents the correlation coefficient. 
Structural parameters
We derived the structural parameters of 40 OCs from the stellar radial density profiles (RDPs). Usually, the RDPs of star clusters can be described by an analytical profile, like the empirical, single mass, modified isothermal spheres of King (1966) and Wilson (1975) , and the power law with a core of Elson et al. (1987) . These functions are characterized by different sets of parameters that are related to the cluster structure. Here we adopted the two-parameter function σ(R) = σ bg + σ 0 /(1 + (R/R c ) 2 ), where σ bg is the residual background density, σ 0 the central density of stars, and R core the core radius. Applied to star counts, this function is similar to that used by King (1962) to describe the surface brightness profiles in the central parts of globular clusters. To minimize degrees of freedom in RDP fits with the Kinglike profile, σ bg was kept fixed (measured in the respective comparison fields) while σ 0 and R core were determined by the best profile fit to the data. As a representative of the OCs sample, the RDP of Pismis 19 fitted with King's profile is shown in Fig. 10 , where the solid line shows the best profile fit. The horizontal red bar in the figure denotes the stellar background level measured in the comparison field, and the 1σ profile fit uncertainty is shown by the shaded domain. The stellar RDPs fitted profiles of the 40 OCs have been given in Figs. S10−S13 as supplementary material. The cluster radius (R RDP ) is also obtained from the measured distance from the cluster centre where the RDP and residual background are statistically indistinguishable (Bonatto & Bica , 2007a) . The R RDP can be taken as an observational truncation radius, whose value depends on the radial distribution of member stars and the stellar field density. ∆R means the wide external ring of the stellar comparison field (see also Sect. 3). These structural parameters and their meaning are listed in Table 5 .
From the distributions of R core and R RDP , given in Fig. 11(a) and (b), there seems to be two groupings at R RDP =7 pc and R core =1.5 pc, respectively, which are close to the values of 10 pc and 1.5 pc of Bukowiecki et al. (2011) .
www.an-journal.org 
Mass and Mass functions
The stellar masses stored in the OCs of our sample have been determined by means of their mass functions (MFs), built for the observed MS mass range, according to Bica et al. (2006a) . By following the algorithm, which is basically defined by , luminosity functions from the decontaminated (J, J − H) diagrams of the OCs have been transformed into MFs through the corresponding mass-luminosity relations derived from the M08 isochrones which correspond to the ages in Col. 5 of Table 3 . We determined the overall masses of 26 OCs and the core masses of 24 OCs in our sample. The total mass locked up in stars of these OCs was obtained by considering all stars from the turnoff to the H-burning mass limit. We do this by directly extrapolating the low-mass MFs down to 0.08M . Here we have based our results on the CMD filtered photometry of open cluster and offset field stars. The filtering process contemplates most of the background, leaving a residual contamination. Due to the relatively large sizes of the OCs and the brightness limitation of the 2MASS photometry, we do not have access to the whole stellar mass range of the OCs. Here, we stress that the values we derive should be taken as approximations. Table 6 . More details of this approach are given in Table 6 , where we also show the number and mass of the evolved stars (m evol ). The MF slopes of the core (29 OCs) and the overall (31 OCs) regions of OCs are presented in Cols. 2 and 5 of Table 7 . Since the lower MS is not accessible on the (J, J − H) diagrams of the OCs sample, we assumed that the low-mass content is still present, and use Kroupa's MF 6 to estimate the to-6 χ = 0.3 ± 0.5 Kroupa (2001) for 0.08 < M < 0.5, χ = 1.3 ± 0.3 for 0.5 < M < 1.0, and χ = 1.3 ± 0.7 for 1.0 < M Fig. 12 φ(m)(stars m −1 ) versus m of Pismis 19 cluster, as a function of distance from the core.
tal stellar mass, down to the H-burning mass limit. The results: number of stars, MS and evolved star contents (m obs ), MF slope (χ), and mass extrapolated (m tot ) to 0.08 M ) for each cluster region are given in Table 6 . The mass densities of ρ in unit of M pc −3 are also estimated and given in Cols. 8 and 11 of Table 6 (See also sect. 7.7).
When deriving the mass functions, the part of the steep, that is observed in the core may come from crowding and completeness. 2MASS is not very photometrically deep and has just a moderate spatial resolution. So, in crowded regions (such as the core of most clusters) many stars are not detected, especially the faint ones. This, in turn may mimic mass segregation.
The relaxation time t rlx (Myr) is the characteristic time-scale for a cluster to reach some level of energy equipartition (Binney & Merrifield , 1998 of stars located inside the region of radius R. The relaxation time and evolutionary parameter for both core and the overall regions are listed in Table 7 . The uncertainties in the evolutionary parameters (τ ) of OCs have been estimated by propagating the errors in Age (Table 3) , Radii (Table 5) and N (Table 6) into t rlx and τ . When propagated, the latter two errors produce a large uncertainty in t rlx (Table 7) and, consequently, a large uncertainty in the evolutionary parameter. In this sense, both t rlx and τ should be taken simply as an order of magnitude estimate.
From the overall mass distribution (m overall ) of 26 OCs displayed in Fig. 13 , 2000 M value is considered as a criteria in classifying the clusters as less massive and massive. Table 6 The number of stars, mass information, mass function slope, mass density, which correspond to cluster regions of available clusters for the cases of Evolved, Observed+Evolved, and Extrapolated+Evolved. The full version is available in the online version of this manuscript in the supplementary material section (Table S6) with a mild correlation coefficient (CC, hereafter) of 0.61. This relation of Fig. 14 is almost linear between log (R RDP ) and log(R core ), where the axes are in a log-log scale. Their core and cluster sizes are 0.17 ≤ R core (pc) ≤ 6.25 and 1.92 ≤ R RDP (pc) ≤ 26.88, respectively. The OCs in our sample which do not follow the relation above are either intrinsically small or have been suffering significant evaporation effects. Our coefficient value (4.69) of Fig. 14 falls in the range of 3.1 − 8.9 of the literature (Table 8 ). However the coefficients in Table 8 are affected by the sample size. The relation between R RDP and R core found by us is reasonably similar to that given by Camargo et al. (2010) . However analogue functions were found by other authors, Bica & Bonatto (2005) 
Relations of Cluster Dimensions to the Distance and Age
The relations of R RDP and R core with d(kpc) are apparently linear, and are displayed in Figs. 15(a)−(b) . The linear best fit to the data (solid lines) are the following, R RDP = (2.67 ± 0.27) d(kpc) (CC=0.84) and R core = (0.50 ± 0.07) d(kpc) (CC=0.76), respectively. Given a couple of deviants, the sizes (R RDP and R core ) increase on the average with the Table 8 The coefficients of the relation, R RDP =a+bR core , given in the literature between R core and R RDP . The form of the relation of Camargo et al. (2010) the Solar circle seem to survive four or more rotations around the Galactic centre. Their survival can be explained by which they survived against external shocks (Janes & Phelps , 1994) .
Old clusters with large dimensions inside the Solar circle in panel (b) may have a primordial origin, or their sizes may have been increased via expansion due to stellar mass black hole couples. For the relation, |z|-Age as a function of R in Fig. 16(c) , the OCs with Age ≥ 1 Gyr reach higher z distances, whereas those with Age < 1 Gyr have |z| < 300 pc. which is seen at an age ≈ 1 Gyr. In the sense, in Fig. 17 some clusters appear to expand ('A' arrow), while others contract ('B' arrow) with a bifurcation occuring at about 1 Gyr. Mackey et al. (2008) observed the bifurcation at ≈ 500-600 Myr (shown with 'C' in the panels of Fig. 17 ). This kind of relations in the panels were also observed by Bonatto & Bica (2007a) , Maciejewski & Niedzielski (2007) , and Camargo et al. (2010) from their OC samples. Mackey et al. (2008) argue that some clusters show the expanded cores due to stellar mass black holes (hereafter BHs), and others contract due to dynamical relaxation and core collapse. To be able to see the effect of BHs in our core radius-age relation, Table 9 Age, dimensions and mass (Cols. 2−5) for OCs, which show the core expansion in Fig. 17(a) the information of the OCs in regions of R2 and R4 in Fig. 17(a) is given in Tables 9−10 . We call the regions in Fig. 17 as R1, R2, R3 and R4. N bh in Tables 9−10 means the estimated number of stellar mass black holes (BHs). This value is estimated from a relation N bh = 6 × 10 −4 N star , given by Portegies Zwart & McMillan (2000) . Here, N star is the extrapolated number of stars in the OCs, and is given in Col. 9 of Table 6 for the overall regions of OCs. Because the extrapolated stellar number for NGC 2158 is not available (Col. 9 of Table 6 ; supplementary material), the number of BHs could be estimated from the relation of N bh ≈ 0.002 M cluster , given by Portegies Zwart & McMillan (2000) . The BH numbers of seven OCs in the regions R2 and R4 in Fig. 17(a) cannot be estimated, because their extrapolated star numbers or overall masses are not available (see Col. 9 of Table 6 ; supplementary material).
Relations of R RDP and R core with R GC
The dependence of the structural parameters (R RDP & R core ) with their galactocentric distance R GC of the 40 OCs and as a function of the ages are plotted in Figs. 18(a)−(b) . The large and small-sized clusters in Fig. 18(a) occupy the inner-and the outerGalactic radii. Two OCs with R RDP < 7 pc and Age < 1 Gyr in Fig. 18(a) are locate inner Galactic radius. Such OCs with these sizes and ages are also seen in Schilbach et al. (2006, their fig. 3(c) ). The relation between R RDP and R GC is the following, R RDP = (0.98 ± 0.25)R GC + (−3.07 ± 2.03), with a correlation coefficient of 0.53 (see Fig. 18a ), Our result shows that there is no strong dependence of R RDP on R GC . However, Lynga (1982) , Tadross et al. (2002) and Camargo et al. (2009 Camargo et al. ( , 2010 ) mention a correlation from their OC samples.
7.5 Relations of m overall with R RDP , R core , Age and R GC Figs. 19(a) and (b) show the relations of m overall versus R RDP and m overall versus R core as a function of Age of 26 of our 40 OCs. The relations to fit m overall with R RDP and with R core are ln m overall = (1.57±0.42) ln R RDP +(0.01±0.02) (CC=0.60) and ln m overall = (1.14 ± 0.37) lnR core + (2.81 ± 0.26) (CC=0.53), respectively. These correlations between size and mass of the clusters are in concordance with the mass-radius relation for massive OCs with Age > 100 Myr (Camargo et al., 2010; Portegies Zwart et al. , 2010) . In Figs. 20(a) and (b) the relations of m overall with R GC and of m overall with Age of 26 of our 40 OCs are shown. As is seen from Fig. 20(a) , massive and less massive OCs than m overall = 2000 M are located indistinctly in-or outwards of the Solar circle.
7.6 Relations between MF slopes, Age, R RDP , R GC , and the mass density
The relation of χ overall with χ core of 29 OCs is presented in Fig. 21 . The fit which is applied to the data is given as following, χ overall = (0.47 ± 0.12)χ core + (1.10 ± 0.26), with a moderate CC=0.60. The OCs with flat/steep positive overall MF slopes for χ core < 0 in Fig. 21 show signs of a mild to large scale mass segregation, whereas the OCs with negative overall MF slopes for χ core < 0 indicate an advanced dynamical evolution. These MF slopes of χ core < 0 in Fig. 21 can be explained by the external dynamical effects such as tidal stripping by tidal interactions (in the form of shocks) due
www.an-journal.org to disc and bulge crossings, as well as encounters with GMCs.
The relations of Age vs. χ overall of 31 OCs and Age vs. χ core of 29 OCs of our sample are displayed in Figs. 22(a) and (b) . The age dependence of the overall and core MF slopes has been parameterised by the linear-decay function (shown as dashed curve) χ(t) = χ • − t/t f , where χ • represents the MF slope in the early phases and t f is the flattening time scale. For the overall MF we derive χ • = 1.68 ± 0.30 and t f = 1569 ± 600 Myr ( Fig. 23(a) , most of the OCs of with positive overall slopes are massrich and present little or no signs of mass segregation. For the relation of m core with χ core dispayed in Fig. 23(b) , most of OCs with m core < 1000 m have negative core MF slopes implicating mass segregation effects at a larger scale.
In the relations of R RDP with χ overall and R RDP with χ core for 31 and 29 OCs of our sample, respectively, given in Figs. 24(a) and (b), the OCs with larger or smaller dimensions than R RDP = 7pc have a positive or negative sloped overall-and coreMFs, repectively.
From the relations between R GC and χ overall of 31 OCs, and between R GC and χ core of 29 OCs shown in Figs. 25(a) and (b), apparently MF slopes are not correlated with R GC or Age.
The cluster mass density ρ(m pc −3 ) is plotted in Fig. 26(a) and (b) as a function of χ overall for 26 OCs and χ core for 24 OCs, respectively. In panel (a) the mass densities of the OCs having χ overall < 0 are low, as compared to the ones of the OCs with χ overall > 0. This indicates that low mass stars of OCs with negative MF slopes are significantly lost due to external dynamical processes. From panel (b) one can see that χ core and ρ core are not correlated.
7.7 Relation between the MF slope and the evolutionary parameter and a comparison to Kroupa's IMF From MF slopes and evolutionary parameters of the overall and the core of the OCs given in Table 7 www.an-journal.org (Table 3) . Having combined the derived structural, mass and mass functions, relaxation and evolutionary parameters with astrophysical parameters of 40 OCs, dynamical evolution of these OCs have been studied. The reduced final reddenings from the dust maps of SFD have been compared with the ones of 40 OCs ( Fig. 9(b) ). There are significant differences for 27 OCs between both E(B-V ) color excess values. For the rest, the E(B-V ) values of 13 OCs are quite close to the ones of SFD. Note that SFD maps are not reliable at regions |b| < 5
• due to contaminating sources and uncertainties in the dust temperatures (Gonzalez et al., 2012) . Therefore, the SFD values resulted from line-of-sight integral through the Milky Way and with low spatial resolution, it is quite a normal to have different reddening values for these relatively close (∼ 1 kpc) star clusters. 2. The relation between R RDP and R core in Fig. 14 found by us is reasonably similar to that given by Camargo et al. (2010) . The OCs in our sample which do not follow the relation are either intrinsically small or have been suffering significant evaporation effects. The dimensions (R RDP and R core ) in Figs. 15(a) and (b) increase on the average with the distance from the Sun. 3. From Fig. 17(a) and Tables 9-10, apparently the sizes of core radii of the OCs are related with their respective BH numbers. The black hole numbers of the OCs in region R2 of Fig. 17 (a) are generally larger than the ones of the OCs in the region of IV. Note that the BH numbers of six, out of 10 OCs in Table 10 are almost close to the ones of the OCs in Table 9 . However, with almost similar BH numbers, these six OCs show shrinkage, whereas those in Table 9 Fig. 17(a) ). In this sense, the distribution of OCs in Fig. 17 can be partly attributed to clusters with large radii retaining larger masses. Mackey et al. (2003 Mackey et al. ( , 2008 also argue that the expanded cores are the cause of growth of the limiting radii and the shrinking cores lead to the contraction of the limiting radii. There are 32 OCs of our sample in the regions R2 and R4 in Fig. 17(a) ; 16 out of 19 OCs with R core < 1.5 pc in the region R4 of Fig. 17 (a) have R RDP < 7 pc; three of 19 OCs have R RDP > 7 pc. Similarly, 10 out of 13 OCs in the region R2 of Fig. 17 (a) with R core > 1.5 pc have R RDP > 7 pc; three of them have R RDP < 7 pc. Here, R RDP = 7 pc means the separation into two groups of our sample (Fig.11a) . These findings imply that the OCs with their core expanding could have small cluster limiting radii, in a similar manner, the OCs with shrinking cores could have large limiting cluster radii. Note that there are six OCs with incompatible cores and limiting radii in the regions R2 and R4 of Fig. 17(b) . These six OCs are inconsistent with the arguments of Mackey et al. (2003 Mackey et al. ( , 2008 .
4. For this paper, we do not make an effort to determine the binary fractions of our sample OCs. However, the OCs Binaries widen the main sequence of the OCs by as much as 0.75 mag, so theoretical isochrones are fitted to the mid-points of CMDs of the OCs, rather than the faint or blue sides, as emphasized by Carney (2001) . Binaries are indeed an effective way of storing energy in a cluster. Non-primordial binary formation, especially the close ones, requires many encounters of at least 3 stars, 2 of which end up having orbits around each other and the 3rd one gets "ejected". So, depending on the binary fraction, a cluster can get dynamically swollen. As a consequence of the dynamical evolution in OCs, multiple systems tend to concentrate in central regions Takahasi& Portegies . As indicated by , the main effect of a significant fraction of binaries in central parts of OCs is that the number of low-mass stars is underestimated with respect to the higher mass stars. Sollima et al. (2010) give the complete fractions of binaries as 35 % to 70 %. They also give a minimum binary fraction, which is larger than 11 % within the core of OCs. 5. It is seen from Figs. 18(a) and (b) that the OCs with R RDP < 3 pc and R core < 0.6 pc inside the Solar circle are older than 1 Gyr. As they lost their stellar content, they shrunk in size and mass with time. Nevertheless, they seem to survive against external shocks for a longer time, according to the simulations of Spitzer&Chevalier (1973) . As one can see from Fig. 18(b) , there is no strong dependence of R core with R GC . 6. As can be seen in Figs Less massive OCs which are located outside the Solar circle appear to survive, because they are subject to less external dynamical processes: The OCs inside the Solar radius survive against the combined dynamical effects such as interactions with GMCs, tidal effects with the spiral arm and the Galactic disc, which are quite efficient in the Galactic center directions. As is seen in Fig. 20(b) , less massive OCs older than 1 Gyr are scarcer since they are dissolved into the field, i.e. the more massive and older OCs (> 1 Gyr) survive. 7. The OCs with flat/steep positive overall MF slopes for χ core < 0 in Fig. 21 show signs of a mild to large scale mass segregation, whereas the OCs with negative overall MF slopes for χ core < 0 indicate an advanced dynamical evolution. These MF slopes of χ core < 0 in Fig. 21 can be explained by the external dynamical effects such as tidal stripping by tidal interactions (in the form of shocks) due to disc and bulge crossings, as well as encounters with GMCs. 8. As considered these MF slopes in Figs. 22(a) and (b), OCs are formed with flat core and Kroupa and Salpeter-like overall MFs, as stated by . As is seen from Fig. 22 , at cluster birth the core MF seems to be much flatter than the overall MF. Early core flattening may be partly linked to primordial processes associated to molecular-cloud fragmentation. Within the expected uncertainties the overall MF values are quite close to χ • = 1.30 ± 0.30 of Kroupa (2001) and χ • = 1.35 of Salpeter (1955) . However, our core MF value are smaller than the ones of Kroupa and Salpeter. As is seen from panels (a)−(b), except for few MF slopes, the overall and core MF slopes tend to be negative values towards older ages, because of mild/large scale mass segregation, the presence of GMCs and tidal effects from disk and Bulge crossings as external processes. 9. Most of the OCs of with positive overall slopes in Fig. 23(a) are mass-rich and present little or no signs of mass segregation. Apparently they retain their low-mass stars because they are strongly bounded to the clusters. The OCs with negative overall MF slopes in Fig. 23 (a) seem to be in the phase of more advanced dynamical evolution. In panels (a)−(b) of Fig. 23 there is no indication of age dependence that is seen between the MF slopes and the core-or overall-masses. In pan-
www.an-journal.org els (a)−(b) of Fig. 23 , the OCs with steep overall and core MF slopes present signs of larger scale mass segregation in the core or halo region. As expected, there are no indications of age dependence among the positive/negative MF slopes. 10. From Fig. 27(a) , one sees that for τ > 30, the overall MF slopes of the OCs are negative, with one exception. For τ < 30, the overall MF slopes of the remaining OCs fall in the range of +0.5 < χ overall < +2.5. For τ > 30, as a result of the loss of low mass stars, χ overall tends to negative values. As can be seen from panel (b), the core MF slopes for the majority of OCs tend to be negative values after τ ≈ 32, with two exceptions. In panel (b) there are two OCs with flat slopes for τ < 32. For τ > 32, it is seen from panel (b) that the OCs with dynamically evolved cores reveal a sign of strong mass segregation. From eleven OCs, detected the significant flattening in MF slopes for τ core ≤ 100 and τ overall ≤ 7, respectively. From their OCs, Maciejewski & Niedzielski (2007) give for these values τ core ≤ 1000 and τ overall ≤ 450, respectively. Here we detect the flattening of MF slopes at τ core ≤ 32 and τ overall ≤ 30, respectively. However, these values are affected by the sample size with young and old OCs. Note that our sample also contains the OCs with intermediate and old ages. The overall MF slopes of 31 OCs with m > 0.5, M could have been compared with the one given by Kroupa (2001, χ = +1.3 ± 0.3) . As compared to the uncertainties of our MF slopes (Col. 5; Table 7 ) and the one (±0.3) of Kroupa, the overall MF slopes of 14 out of 31 OCs are consistent with the one of Kroupa (2001, χ = +1.3 ± 0.3), which implies little or no dynamical evolution for these clusters. The remaining 17 OCs with MF slopes that depart from that of Kroupa (2001) show mild to large scale mass segregation, due to the dynamical evolution. 11. We do not make an effort to determine the binary fractions of our sample OCs. Sollima et al. (2010) give the complete fractions of binaries as 35 % to 70 %. They also give a minimum binary fraction, which is larger than 11 % within the core of OCs. However, binaries of the OCs widen the main sequence of the OCs by as much as 0.75 mag, so theoretical isochrones are fitted to the mid-points of CMDs of the OCs, rather than the faint or blue sides, as emphasized by Carney (2001) . We have considered this issue for isochrone fitting to CMDs (see Sect.4). Binaries are indeed an effective way of storing energy in a cluster. Non-primordial binary formation, especially the close ones, requires many encounters of at least 3 stars, 2 of which end up having orbits around each other and the 3rd one gets "ejected". So, depending on the binary fraction, a cluster can get dynamically swollen. As a consequence of the dynamical evolution in OCs, multiple systems tend to concentrate in central regions (Takahasi& Portegies Zwart, 2000) . As indicated by , the main effect of a significant fraction of binaries in central parts of OCs is that the number of low-mass stars is underestimated with respect to the higher mass stars. Table S6 : The number of stars, mass information, mass function slope, mass density, which correspond to cluster regions of available clusters for the cases of Evolved, Observed+Evolved, and Extrapolated+Evolved.
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